Abstract: Studies aimed at the identification of the range and method of spread of alien plant species in settlement areas in Kampinos National Park (KNP) and its immediate vicinity were carried out in years 2012-2014. Special emphasis was put on surveying the sites of invasive alien species (IAS), and diagnosing potential threats posed to the natural and semi-natural vegetation of the national park by the IAS present in rural areas. We found 53 alien vascular plant species, including 40 invasive taxa which may potentially pose a threat to the ecosystems of KNP. Species encroaching from settlement areas to semi-natural and natural communities included: Bidens frondosa, Echinocystis lobata, Impatiens glandulifera, I. parviflora, Juncus tenuis, Lupinus polyphyllus, Reunoutria japonica and Solidago gigantea. Most of them were species from the highest invasiveness (IV and III) classes in Poland. Similarity analysis carried out for all investigated localities with regard to all alien species, and only for invasive ones showed a clear division into separate groups: villages within the boundaries of the national park and villages outside the park.
Introduction
Presence of alien plant species in a specific area is largely attributed to direct or indirect human activity. This particularly concerns kenophytes, which are alien species introduced in Poland after the 15 th century and now permanently established in habitats (Kornaś 1981; Sudnik-Wójcikowska & Koźniewska 1988; TokarskaGuzik 2005) . This group of plants includes taxa characterised by strong expansive potentials, easy colonization of new areas, and encroachment from anthropogenic habitats to semi-natural or natural habitats. This group also includes invasive alien species (IAS) that pose a threat to biological diversity by causing permanent changes in ecosystems (e.g. Richardson et al. 2000; Pyšek et al. 2004; Tokarska-Guzik 2005; TokarskaGuzik et al. 2009 TokarskaGuzik et al. , 2012 Woziwoda 2012) .
KNP, like other protected areas in Poland or in other countries (e.g. De Poorter et al. 2007; Najberek & Solarz 2011; Solarz 2012; Foxcroft et al. 2013) , is not free from alien species. In particular, anthropogenic habitats in KNP are characterised by a considerable number of well-established alien species (Ferchmin 1979; Kirpluk 1996 Kirpluk , 1998 Kirpluk , 2003 Kirpluk , 2009a Kirpluk , 2009b Kirpluk , 2012 Bomanowska 2006a Bomanowska , 2006b Bomanowska , 2009 Otręba 2008; Bomanowska et al. 2014a Bomanowska et al. , 2014b . The encroachment and spreading of alien species in Kampinos Forest was facilitated by early development of settlements, then forest management (deliberate introduction of certain trees and shrubs) and, currently, tourism and development of residential areas on the periphery of KNP.
Buyouts of buildings and agricultural land in villag es in KNP has been carried out since mid-1970s. Some former settlements located in KNP are partly or completely abandoned and actions to accelerate restoration of natural environment are being carried out in depopulated areas (Markowski 2009a (Markowski , 2009b . Because the effects of everyday human activity only recently ceased in these habitats, the problem of alien species in this area still persists and remains unresolved. This, particularly, concerns invasive alien species.
The objective of the study was to present the floristic composition of alien plant species (with particular emphasis on IAS) occurring in settlement areas located within the limits of KNP and its immediate vicinity, and to identify their spread and potential threats posed by them to the natural and semi-natural vegetation of KNP.
Material and methods
Detailed floristic studies on the alien vascular flora of the rural areas were carried out between 2012 and 2014. They covered most of the settlement areas of Kampinos Forest, i.e. 118 villages of various size: 33 villages within the limits of KNP -populated, either partialy or completely depopulated, and 85 villages in the immediate vicinity of KNP, in its buffer zone, frequently near the border of KNP. A site was defined as a single village where a specific species was recorded. The location of plant sites was described by coordinates displayed by a GPS device (see Appendix 1).
In the study, we analysed alien species (anthropophytes) established in the flora of Poland, i.e. archaeophytes and kenophytes, according to the geographicalhistorical classification of flora proposed by Kornaś (1981) .
Based on the floristic data derived from field studies, a complete list of alien species occurring in the settlement areas was prepared (Appendices 2-3). We considered those species that currently pose a threat to the natural and semi-natural ecosystems of KNP, and those that, because of their common occurrence in the settlement areas of the park and their uncontrolled growth, may pose such a threat in future. For this reason, we also listed common and expansively growing shrubs and trees which are tolerant of various habitat conditions in KNP but are not considered to be invasive in Poland (Tokarska-Guzik et al. 2012) . In our list, we included species fulfilling the following criteria:
• invasive species in Poland according to the Regulation of the Minister of the Environment of the 9 th September 2011 on the list of alien plant and animal species which, when introduced into the natural environment, pose a threat to native biodiversity or natural habitats (Regulation 2011),
• species listed as "invasive alien species in Poland (Tokarska-Guzik et al. 2012) , regardless of the occurren ce of the taxon in KNP,
• species listed as "invasive alien species on a regional scale" (Tokarska-Guzik et al. 2012) , if the acreage of a specific species is increasing, posing a threat to the natural environment of KNP,
• species spontaneously encroaching from cultivation and settled on synanthropic habitats in KNP (Kirpluk 2012).
Similarity of alien flora in individual villages was determined using cluster analysis (a single linkage method based on Euclidean distance; van Emden 2008).
Classes of invasiveness were presented according to Tokarska-Guzik et al. (2012) . Plant names were adopted from Mirek et al. (2002) .
Results
During the studies in the settlement areas in KNP, we identified 53 alien plant species, including 40 invasive taxa (Tokarska-Guzik et al. 2012 ) (Appendices 2-3). In individual sites (villages), we identified from 5 to 34 species. Considering the distribution of IAS alone, we recognized from 4 to 28 species. In the villages located within park boundaries, there were 6 to 28 invasive taxa, and 4 to 23 -in villages neighbouring the park. Most IAS (over 20) were recorded in the villages located within the limits of KNP: in 11 partly depopulated villages (Buda, Cisowe, Górki, Granica, Janówek, Józefów, Nowa Dąbrowa, Rybitew, Sieraków, Stara Dąbrowa), in one depopulated, completely abandoned village (Nowe Budy), and in 8 villages in the immediate vicinity of KNP (including as many as 6 villages near the park border: Kampinos, Korfowe, Lasocin, Lipków, Sadowa, Sowia Wola).
The most common tree and shrub species in all the analysed villages were: Rhus typhina (102 sites), Syringa vulgaris (97), Acer negundo (94), Robinia pseudoacacia (88), Parthenocissus inserta (71) and Rosa rugosa (60). The most common herbaceous species comprised: Conyza canadensis (103), Solidago gigantea (100), Setaria viridis (74), Solidago canadensis (71), Echinochloa crus-galli (70), Galinsoga parviflora (69), Helianthus tuberosus (68), Amaranthus retrofexus (67), Erigeron annuus (66), Anthoxanthum aristatum (62), Asparagus officinalis (61), Echinocystis lobata (60) and Rudbeckia laciniata (60). In the second group, field weeds formed a large grouping, persisted only on anthropogenic habitats and posed no serious threat to the natural ecosystems of KNP (Bomanowska et al. 2014a (Bomanowska et al. , 2014b . The only exception was Anthoxanthum aristatum, which was encroaching to psammophilous grasslands covered gradually by pine trees in the village of Bromierzyk, in the south-western part of KNP (authors' personal observations).
Considering the distribution of invasive species alone (Tokarska-Guzik et al. 2012) , the most common species found within the park limits (Appendix 3) were: Amaranthus retroflexus (32 sites), Conyza canadensis (32), Echinochloa crus-galli (32), Galinsoga parviflora (30), Anthoxanthum aristatum (29), Oxalis fontana (29), (21) and Acer negundo (18). These taxa were recorded in over 50% of the villages located within KNP. Remarkably, the most common invasive plants were field weeds, posing no threat to the natural ecosystems of KNP. However, in sites located within the park boundaries (Appendices 2-3) as many as 17 taxa out of 37 IAS, were those of the highest invasiveness (class IV or III). In the analysed villages located within the limits of KNP, we found (45), and Rosa rugosa (44). This group comprised mostly perennial species, including numerous trees and shrubs. Some of these taxa were shown to be very expansive in Polish forests (Żukowski et al. 1995; Tokarska-Guzik 2005; Otręba & Ferchmin 2007; Otręba 2008) . In the villages outside KNP, as in villages within its limits, we found 17 taxa of the highest, i.e. class IV of invasiveness, except species such as Heracleum sosnowskyi and Bromus carinatus. There were also villages where we recorded presence of Padus serotina (16) and Reynoutria sachalinensis (3).
Similarity (cluster) analysis and classification conducted for the investigated localities with regard to all alien species, and for only IAS always led to the identification of two groups of objects: the first one was composed of villages within the park, the other one -of villages located in the protection zone. Villages located in KNP were floristically similar to each other and formed a separate group (Figs. 1-2 ). In these villages, more alien and invasive species occurred than in villages located outside the park (Appendices 2-3). Some of the analysed species (e.g. Bromus carinatus and Physalis alkekengi) emerged only in villages within the park. In both dendrograms, the only exceptions were three settlements inside KNP: Bromierzyk, Karolinów and Łazy Leśne. These villages were located peripherally, were difficult to access (especially Karolinów), and were partly or completely depopulated. Floristically, they were very similar to each other, but very different from the remaining villages of Kampinos Forest (Figs. 1-2). There were fewer species in them than in other villages inside the park. Villages located in the buffer zone of the park formed another group which, in both cases, could be floristically differentiated into two subgroups (Figs. 1-2) . One subgroup (more numerous) comprised villages richer in alien an invasive species, whereas the other (less numerous) included floristically poorer ones (Appendix 3). Villages located near the border of KNP (e.g. Kampinos, Mariew, Lipków, Szymanówek near Leszno, Korfowe, Miszory) were more similar to villages located in KNP (Figs. 1-2) . The group of villages outside the park was characterized by the occurrence of species such as: Asclepias syriaca, Padus serotina and Reynoutria sachalinensis (Appendix 3).
Discussion
The spreading and numerous sites of invasive taxa in park villages pose a serious threat to KNP ecosystems. Villages of Kampinos Forest, although located deep inside KNP and separated from each other by large patches of meadows and forest, were connected by numerous routes. Such conditions facilitated the dispersion of diaspores not only into neighbouring areas, but also for long distances, resulting in the colonization of new areas by invasive species (Adamowski et al. 2002; McKinney 2002; Pauchard & Alaback 2004; Otręba 2008; Foxcroft et al. 2013) . Results from our study indicate that the natural environment of KNP is also exposed to serious external threats. Unfortunately, since the middle of the 1990s, when the first floristic studies were carried out on the synanthropic habitats of KNP (e.g. Bomanowska 2006a , 2006b , 2009 Kirpluk 1996 Kirpluk , 1998 Kirpluk , 2003 Kirpluk , 2009 , the number of sites of invasive species has increased con siderably. There are villages in KNP (e.g. Górki, Famułki Królewskie) and its buffer zone (e.g. Adamówek, Łomianki), where Reynoutria japonica, one of the most expansive taxa, has already formed enormous 'monocultures' (Kotowska 2003) , and its range is increasing year by year (authors' personal observations).
The most infested village was Górki, located in the very centre of KNP, very well connected by a road network and nearby canals with other villages inside and outside KNP. In Górki, we recorded the highest number of alien species (34), the highest number of invasive species (28), and all taxa of the highest invasiveness class (Appendices 2-3). It can be concluded that Górki is the central point for the distribution of alien and invasive taxa in KNP, but also the centre from which these plants are spreading. Górki is a village dating back to the mid-18 th century, when the first settlements of tar makers were established in Kampinos (Kębłowska 2009). This is probably the site from where, in the early 20 th century, alien species could have spread to other villages in the park (e.g. to Cisowe, Granica, Nowe Budy, Nowa Dąbrowa, Zamość and Józefów), and then outside the boundaries of KNP (e.g. to the Kampinos villages). However, the initial plant migration pathways in the area of Kampinos Primeval Forest are unknown. The first alien species found in this area were reported by Kobendza (1930) , but conclusive information on the introduction of alien species to KNP dates back only to the 1950s (Nowak 1983; Otręba 2008; Bomanowska et al. 2014a Bomanowska et al. , 2014b .
Short distance to Warsaw conurbation (SudnikWójcikowska 1987), and the developed road network around KNP has certainly affected the number of alien species recorded in the analysed area. Developed lands neighbouring the park were also, and probably still are, a source from where alien plants dispersed to the protected area.
However, it seems that most alien species, including highly invasive taxa, escaped from intentional cultivation in cottage gardens in the analysed villages, although, as stated in Art. 120 clause 1 of the Nature Conservation Act of 16 April 2004 (Regulation 2009), "it is forbidden to introduce and import alien plant species to the natural environment".
Plants that escape from cultivation go through subsequent stages of establishment, and gain the status of epoecophyte or agriophyte (Kirpluk 2012). Some of the surveyed species (Appendix 3), not considered invasive in Poland (Tokarska-Guzik et al. 2012) , are widely distributed in the park area, regardless of the conditions in which they currently grow. In partly or completely abandoned villages of Kampinos Forest, where the process of secondary succession is in progress, we simultaneously observe strong expansion of species such as Symphoricarpos albus, Syringa vulgaris and Philadelphus coronarius. Some taxa, e.g. Caragana arborescens, are more light-demanding (Zarzycki et al. 2002) , but the encroachment of Sarothamnus scoparius from well-lit forest roadsides to forest clearings in KNP was also observed (authors' personal observations).
Not all the recorded alien species (Appendix 3) that now disperse seeds spontaneously and are found in anthropogenic and semi-natural habitats of the park will reach the status of invasive plants in the future. Nevertheless, they form a persistent, and most certainly anthropogenic, element of flora in these areas. The occurrence of alien species in settlement areas of Kampinos National Park... Izabella Kirpluk & Anna Bomanowska
